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METHOD OF CONTROLLING A 
COMMUNICATION SYSTEM IN A MOTOR 

VEHICLE 

BACKGROUND 

The present invention relates generally to a motor vehicle, 
and in particular to a method for controlling a communication 
system in a motor vehicle. 
Motor vehicles can include communication systems that 

are used to exchange information betWeen vehicles. The com 
munication systems may utiliZe Wireless netWorks. The 
related art teaches methods of reducing communication con 
gestion on a network. However, the related art lacks provi 
sions for e?iciently preventing channel saturation in situa 
tions involving heavy traf?c congestion. There exists a need 
in the art for a method that addresses the shortcomings of the 
related art. 

SUMMARY 

The term “motor vehicle” as used throughout the speci? 
cation and claims refers to any moving vehicle that is capable 
of carrying one or more human occupants and is poWered by 
any form of energy. The term “motor vehicle” includes, but is 
not limited to: cars, trucks, vans, minivans, SUVs, motor 
cycles, scooters, boats, personal Watercraft, and aircraft. 

In some cases, the motor vehicle includes one or more 

engines. The term “engine” as used throughout the speci?ca 
tion and claims refers to any device or machine that is capable 
of converting energy. In some cases, potential energy is con 
verted to kinetic energy. For example, energy conversion can 
include a situation Where the chemical potential energy of a 
fuel or fuel cell is converted into rotational kinetic energy or 
Where electrical potential energy is converted into rotational 
kinetic energy. Engines can also include provisions for con 
verting kinetic energy into potential energy. For example, 
some engines include regenerative braking systems Where 
kinetic energy from a drivetrain is converted into potential 
energy. Engines can also include devices that convert solar or 
nuclear energy into another form of energy. Some examples 
of engines include, but are not limited to: internal combustion 
engines, electric motors, solar energy converters, turbines, 
nuclear poWer plants, and hybrid systems that combine tWo or 
more different types of energy conversion processes. 

In one aspect, the invention provides a method of operating 
a motor vehicle, comprising the steps of: transmitting infor 
mation at a transmitting poWer; determining a number of 
remote vehicles in communication With the motor vehicle, the 
communication being established on a vehicle communica 
tion netWork; determining if the number of remote vehicles is 
greater than a maximum alloWed number, the maximum 
alloWed number being associated With channel saturation of 
the vehicle communication netWork; and reducing the trans 
mitting poWer When the number of remote vehicles is greater 
than the maximum alloWed number. 

In another aspect, the invention provides a method of oper 
ating a motor vehicle, comprising the steps of: transmitting 
information at a transmitting period; determining a number of 
remote vehicles in communication With the motor vehicle, the 
communication being established on a vehicle communica 
tion netWork; determining if the number of remote vehicles is 
greater than a maximum alloWed number, the maximum 
alloWed number being associated With channel saturation of 
the vehicle communication netWork; and increasing the trans 
mitting period When the number of remote vehicles is greater 
than the maximum alloWed number. 
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2 
In another aspect, the invention provides a method of oper 

ating a motor vehicle, comprising the steps of: transmitting 
information using a transmitting characteri stic; determining a 
vehicle speed; determining a number of remote vehicles in 
communication With the motor vehicle, the communication 
being established on a vehicle communication netWork; 
determining if the number of remote vehicles is greater than 
a maximum alloWed number, the maximum alloWed number 
being associated With channel saturation of the vehicle com 
munication netWork; adjusting the transmitting characteristic 
according to the vehicle speed When the number of remote 
vehicles is greater than the maximum alloWed number. 

Other systems, methods, features and advantages of the 
invention Will be, or Will become, apparent to one of ordinary 
skill in the art upon examination of the folloWing ?gures and 
detailed description. It is intended that all such additional 
systems, methods, features and advantages be included 
Within this description and this summary, be Within the scope 
of the invention, and be protected by the folloWing claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention can be better understood With reference to 
the folloWing draWings and description. The components in 
the ?gures are not necessarily to scale, emphasis instead 
being placed upon illustrating the principles of the invention. 
Moreover, in the ?gures, like reference numerals designate 
corresponding parts throughout the different vieWs. 

FIG. 1 is a schematic vieW of an embodiment of a motor 

vehicle; 
FIG. 2 is a schematic vieW of an embodiment of a motor 

vehicle in traf?c congestion; 
FIG. 3 is a schematic vieW of an embodiment of a motor 

vehicle in tra?ic congestion With reduced transmitting areas; 
FIG. 4 is an embodiment of a process for adjusting trans 

mitting poWer to reduce channel saturation in a vehicle com 
munication netWork; 

FIG. 5 is a schematic vieW of an embodiment of a motor 
vehicle transmitting information over a vehicle communica 
tion netWork; 

FIG. 6 is a schematic vieW of an embodiment of a motor 
vehicle transmitting information over a vehicle communica 
tion netWork; 

FIG. 7 is an embodiment of a process of adjusting trans 
mitting period to reduce channel saturation in a vehicle com 
munication netWork; 

FIG. 8 is a schematic vieW of an embodiment of a motor 
vehicle transmitting information over a vehicle communica 
tion netWork; 

FIG. 9 is a schematic vieW of an embodiment of a motor 
vehicle transmitting information over a vehicle communica 
tion netWork; 

FIG. 10 is a schematic vieW of an embodiment of different 
transmitting states for a motor vehicle; and 

FIG. 11 is an embodiment of a process for adjusting trans 
mitting poWer and transmitting period in a vehicle commu 
nication netWork. 

DETAILED DESCRIPTION 

FIG. 1 is a schematic vieW of an embodiment of commu 
nication system 100 for motor vehicle 102. For purposes of 
clarity, only some components of a motor vehicle may be 
shoWn. Furthermore, in other embodiments, additional com 
ponents can be added or removed. Communication system 
100 may include provisions for communicating various kinds 
of information betWeen motor vehicle 102 and any other 
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remote source capable of exchanging information including, 
but not limited to: remote vehicles, roadside units as Well as 
other remote sources. Communication system 100 can be 
used With one or more systems of a motor vehicle. In some 

embodiments, communication system 100 could be used in 
conjunction With a navigation system to determine the loca 
tions of other vehicles as Well as the locations of tra?ic signals 
or other roadWay infrastructure. In other embodiments, com 
munication system 100 could be used With a vehicle safety 
system. Examples of vehicle safety systems include collision 
Warning systems, lane departure Warning systems as Well as 
other types of safety systems. For example, a collision Wam 
ing system could be con?gured to receive information from 
remote vehicles using communication system 100 to deter 
mine the locations of other vehicles and to provide alerts to a 
driver of any potential collisions. 

Motor vehicle 102 can include provisions for receiving 
navigation information. The term “navigation information” 
refers to any information that can be used to assist in deter 
mining a location or providing directions to a location. Some 
examples of navigation information include street addresses, 
street names, street or address numbers, apartment or suite 
numbers, intersection information, points of interest, parks, 
any political or geographical subdivision including toWn, 
toWnship, province, prefecture, city, state, district, ZIP or 
postal code, and country. Navigation information can also 
include commercial information including business and res 
taurant names, commercial districts, shopping centers, and 
parking facilities. Navigation information can also include 
geographical information, including information obtained 
from any Global Navigational Satellite System (GNSS), 
including Global Positioning System or Satellite (GPS), Glo 
nass (Russian) and/ or Galileo (European). The term “GPS” is 
used to denote any global navigational satellite system. Navi 
gation information can include one item of information, as 
Well as a combination of several items of information. 

Motor vehicle 102 can include provisions for receiving 
GPS information. In some cases, motor vehicle 102 can 
include GPS receiver 1 1 0. In an exemplary embodiment, GPS 
receiver 110 can be used for gathering GPS information for 
any systems of a motor vehicle, including, but not limited to: 
GPS based navigation systems. 

Motor vehicle 102 can include provisions for poWering one 
or more devices. In some cases, motor vehicle 102 can 

include poWer supply 112. Generally, poWer supply 112 can 
be any type of poWer supply associated With a motor vehicle. 
In some cases, poWer supply 112 can be a car battery. In other 
cases, poWer supply 112 can be another type of poWer supply 
available Within motor vehicle 102. Although poWer supply 
112 is shoWn as connected to some components of motor 
vehicle 102 in the current embodiment, it Will be understood 
that in other embodiment additional components can be con 
nected to poWer supply 112. In still other cases, some com 
ponents that are shoWn as connected to poWer supply 112 may 
not be connected to poWer supply 112. 

Motor vehicle 102 can include provisions for communicat 
ing With a driver. In some embodiments, motor vehicle 102 
can include driver vehicle interface 114. In some cases, driver 
vehicle interface 114 can include provisions for transmitting 
information to a driver and/ or passenger. In other cases, driver 
vehicle interface 114 can include provisions for receiving 
information from a driver and/ or passenger. In an exemplary 
embodiment, driver vehicle interface 114 can include provi 
sions for transmitting and receiving information from a driver 
and/or passenger. It Will be further understood that in some 
embodiments, a driver vehicle interface can be associated 
directly With a navigation system of a motor vehicle. In other 
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4 
Words, in some embodiments, a driver vehicle interface can 
be combined, or integrated into, a navigation system. With 
this arrangement, information communicated betWeen a 
driver and one or more systems of a motor vehicle can be 
accomplished using an interface of a navigation system. 
Motor vehicle 102 may include provisions for communi 

cating, and in some cases controlling, the various components 
associated With motor vehicle 102. In some embodiments, 
motor vehicle 102 may be associated With a computer or 
similar device. In the current embodiment, motor vehicle 102 
may include electronic control unit 120, hereby referred to as 
ECU 120. In one embodiment, ECU 120 may be con?gured to 
communicate With, and/or control, various components of 
motor vehicle 102. In addition, in some embodiments, ECU 
120 may be con?gured to control additional components of a 
motor vehicle that are not shoWn. 
ECU 120 may include a number of ports that facilitate the 

input and output of information and poWer. The term “port” as 
used throughout this detailed description and in the claims 
refers to any interface or shared boundary betWeen tWo con 
ductors. In some cases, ports can facilitate the insertion and 
removal of conductors. Examples of these types of ports 
include mechanical connectors. In other cases, ports are inter 
faces that generally do not provide easy insertion or removal. 
Examples of these types of ports include soldering or electron 
traces on circuit boards. 

All of the folloWing ports and provisions associated With 
ECU 120 are optional. Some embodiments may include a 
given port or provision, While others may exclude it. The 
folloWing description discloses many of the possible ports 
and provisions that can be used, hoWever, it should be kept in 
mind that not every port or provision must be used or included 
in a given embodiment. 

In some embodiments, ECU 120 can include port 121 for 
communicating With GPS receiver 110. In particular, ECU 
120 may be con?gured to receive GPS information from GPS 
receiver 110. In addition, ECU 120 can include port 122 for 
receiving poWer from poWer supply 112. Also, ECU 120 can 
include port 123 for communicating With driver vehicle inter 
face 114. In particular, ECU 120 can be con?gured to transmit 
information to driver vehicle interface 114, as Well as to 
receive information from driver vehicle interface 114. 
A motor vehicle can include provisions for communicating 

With one or more vehicles using a vehicle communication 
netWork. The term “vehicle communication netWork” as used 
throughout this detailed description and in the claims refers to 
any netWork utiliZing motor vehicles and roadside units as 
nodes. Vehicle communication netWorks may be used for 
exchanging various types of information betWeen motor 
vehicles and/ or roadside units. An example of such a vehicu 
lar netWork is a dedicated short range communication 
(DSRC) netWork. In some cases, DSRC netWorks may be 
con?gured to operate in the 5 .9 GHZ band With bandWidth of 
approximately 75 MHZ. Furthermore, DSRC netWorks may 
have a range of approximately 1000 m. 

In some embodiments, ECU 120 may include port 125 that 
is con?gured to communicate With one or more DSRC 
devices. In an exemplary embodiment, port 125 may be asso 
ciated With a DSRC antenna that is con?gured to transmit 
and/or receive vehicle information over one or more vehicle 
communication netWorks. 
Motor vehicle 102 can include provisions for communicat 

ing With one or more components of a motor vehicle that are 
not associated directly, or indirectly, With motor vehicle 102. 
In some cases, ECU 120 may include additional ports for 
communicating directly With one or more additional devices 
of a motor vehicle, including various sensors or systems of the 



US 8,224,370 B2 
5 

motor vehicle. In an exemplary embodiment, ECU 120 may 
include port 124 for communicating With vehicle network 
140. By providing communication betWeen ECU 120 and 
vehicle network 140, ECU 120 may have access to additional 
information concerning motor vehicle 102. For instance, in 
some cases, ECU 120 may be con?gured to receive informa 
tion related to various operating conditions of a motor 
vehicle. Examples of information that may be received via 
vehicle netWork 140 include, but are not limited to: vehicle 
speed, engine speed, braking conditions, tuming status, steer 
ing Wheel angle, as Well as other parameters associated With 
the operating condition of motor vehicle 102. In other 
embodiments, ECU 120 can include provisions for commu 
nicating directly With one or more sensors. In one embodi 
ment, for example, ECU 120 can include port 126 for com 
municating With vehicle speed sensor 188. Vehicle speed 
sensor 188 could be any type of sensor knoWn in the art for 
detecting a vehicle speed. 

Motor vehicles associated With vehicle communication 
netWorks can be con?gured to exchange information. In some 
embodiments, motor vehicles can exchange basic safety mes 
sages (BSMs) via the vehicle communication netWorks. In 
some cases, basic safety messages can include information 
related to the position, motion, control and/or vehicle siZe of 
the transmitting vehicle. In other cases, a basic safety mes 
sage can include additional information. In still other cases, a 
basic safety message may include less information. By trans 
mitting basic safety messages to surrounding vehicles, each 
vehicle can exchange information that may be useful in facili 
tating safety for each driver. In some cases, the information 
contained in a basic safety message could then be utiliZed by 
a particular vehicle to control a vehicle safety system, such as 
a collision warning system. 

Throughout this detailed discussion and in the claims, the 
term “message” is used to describe any collection or packet of 
information that is transmitted over a vehicle communication 
netWork. Messages could take the form of basic safety mes 
sages or may contain additional or less information than a 
basic safety message. Messages may comprise any number of 
bytes of information or data. 

FIG. 2 illustrates an embodiment of a situation Where 
motor vehicle 102 is in tra?ic along highWay 200 and may 
attempt to exchange messages With surrounding vehicles over 
a vehicle communication netWork. In this situation, motor 
vehicle 102 may transmit messages over transmitting area 
202. In particular, transmitting area 202 corresponds to an 
area With a radius R1. In other Words, all vehicles Within 
distance R1 from motor vehicle 102 may be capable of receiv 
ing any information transmitted by motor vehicle 102, such as 
a basic safety message. In addition, each of the other vehicles 
on highWay 200 may also be transmitting messages on the 
vehicle communication netWork, Which can be received by 
motor vehicle 102. 

In situations Where vehicles are packed closely together, 
Which may occur in heavy tra?ic situations on highWays, the 
total number of vehicles Within the transmitting area of a 
motor vehicle may exceed the number of vehicles that can 
communicate on a netWork channel. The term “netWork chan 
nel” as used throughout this detailed description and in the 
claims refers to a particular range of frequencies that may be 
utiliZed in a vehicle communication netWork. These situa 
tions may result in channel saturation that prevents effective 
communication betWeen motor vehicles attempting to 
exchange basic safety messages and/or other information. 

In the embodiment illustrated in FIG. 2, for example, motor 
vehicle 102 may have a transmitting range of approximately 
300 meters. In other Words, any vehicles Within a 300 meter 
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6 
radius of motor vehicle 102 may receive messages from 
motor vehicle 102. This range corresponds to the vehicles 
Within transmitting area 202 in the current embodiment. In 
this case, motor vehicle 102 is Within communication range 
of over 1,000 other vehicles. HoWever, saturation of the net 
Work channel may occur Whenever more than 50 vehicles are 
communicating on the same channel. In other Words, this 
situation may substantially reduce to ability of motor vehicle 
102 to communicate With the surrounding vehicles. LikeWise, 
each of the other vehicles on highWay 200 may have reduced 
communications With nearby vehicles due to the channel 
saturation of the netWork channel. Without access to basic 
safety messages from surrounding vehicles, the effectiveness 
of any vehicle safety systems associated With motor vehicle 
102 and/or other vehicles on highWay 200 may be substan 
tially reduced. 
A motor vehicle con?gured to communicate With other 

vehicles using a vehicle communication netWork can include 
provisions for reducing channel utiliZation in order to prevent 
channel saturation in congested situations. In some embodi 
ments, a motor vehicle can be con?gured to reduce the trans 
mitting poWer of messages sent over the vehicle communica 
tion netWork. In particular, a reduction in the transmitting 
poWer may reduce the transmitting radius or range. In other 
Words, the total number of vehicles With Which a motor 
vehicle can communicate may be reduced, thereby reducing 
channel utiliZation. 

Referring noW to FIG. 3, motor vehicle 102 may be con 
?gured to reduce the transmitting poWer of the basic safety 
messages and/ or other transmitted information. For example, 
using a ?rst transmitting poWer associated With ?rst reduced 
transmitting area 204, motor vehicle 102 may only transmit 
messages to vehicles Within radius R2 of motor vehicle 102. 
In the exemplary embodiment, radius R2 may have a value in 
the range betWeen 50 meters and 100 meters. In this situation, 
motor vehicle 102 may transmit information that is received 
by approximately 100 to 120 vehicles. 
As another example, motor vehicle 102 may use a second 

transmitting poWer that is less than the ?rst transmitting 
poWer and Which is associated With second reduced transmit 
ting area 206. In this case, motor vehicle 102 may only trans 
mit messages to vehicles Within radius R3 of motor vehicle 
102. In the exemplary embodiment, radius R3 may have a 
value in the range betWeen 20 and 30 meters. In this situation, 
motor vehicle 1 02 may transmit messages that are received by 
approximately 40 to 50 vehicles. In situations Where channel 
saturation may occur When more than 50 vehicles are broad 
casting on the same channel, this arrangement can substan 
tially reduce or eliminate channel saturation. 

In some embodiments, the methods employed by motor 
vehicle 102 may also be employed by other vehicles on high 
Way 200 to ensure that channel saturation is signi?cantly 
reduced. In other Words, other vehicles on highWay 200 may 
also attempt to reduce the transmitting poWer of any messages 
sent over the vehicle communication netWork. This arrange 
ment may help reduce the total number of vehicles commu 
nicating over a netWork channel since all vehicles may be 
operating at reduced transmitting poWer. In an exemplary 
embodiment, each motor vehicle on highWay 200 may be 
equipped With a communication system that is con?gured to 
reduce transmitting poWer of any broadcast messages When 
there is channel saturation on a netWork channel. 

FIG. 4 illustrates an embodiment of a process for adjusting 
the transmitting poWer of signals sent over a vehicle commu 
nication netWork. In this embodiment, the folloWing steps 
may be performed by ECU 120; hoWever in some embodi 
ments these steps may be performed by additional systems or 
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devices associated With motor vehicle 102. In addition, it Will 
be understood that in other embodiments one or more of the 
following steps may be optional. 

During a ?rst step 402, ECU 120 may begin transmitting 
messages at maximum poWer. The value of the maximum 
poWer may be determined according to various constraints on 
one or more systems associated With motor vehicle 102. In 
some cases, for example, the value of the maximum poWer 
may be constrained by the type of netWork used. In an exem 
plary embodiment, the maximum poWer may be a predeter 
mined parameter that is established during the manufacturing 
of motor vehicle 102. 

FolloWing step 402, during step 404, ECU 120 may deter 
mine the number of vehicles in communication With motor 
vehicle 102. This step can be achieved using any method 
knoWn in the art for determining the number of sources that 
may be sharing a communication channel or speci?c fre 
quency. In some embodiments, a vehicle can be equipped 
With a channel utiliZation detection mechanism. Next, during 
step 406, ECU 120 may determine if the number of vehicles 
in communication With motor vehicle 102 is greater than a 
maximum alloWed number. In some cases, the maximum 
alloWed number may be a number associated With channel 
saturation. In the embodiments illustrated in FIG. 1 through 3, 
for example, the maximum alloWed number is 50. In other 
Words, channel saturation occurs When more than 50 vehicles 
communicate on a netWork channel at the same time. 

If, during step 406, ECU 120 determines that the number of 
vehicles in communication With motor vehicle 102 is greater 
than the maximum alloWed number, then ECU 120 may pro 
ceed to step 408. During step 408, ECU 120 may decrease the 
transmitting poWer of all broadcasted messages. This effec 
tively reduces the transmitting area of the broadcast messages 
and may reduce the number of vehicles that may receive 
messages from motor vehicle 102. FolloWing step 408, ECU 
120 may return to step 404 to determine the number of 
vehicles in communication With motor vehicle 102. 

In different embodiment, the transmitting poWer can be 
reduced by varying amounts during step 408. In some cases, 
the transmitting poWer can be reduced by a constant value. In 
other cases, the transmitting poWer can be reduced by a value 
that depends on one or more operating parameters of the 
motor vehicle. In still other cases, the transmitting poWer can 
be reduced by a value that depends on the number of vehicles 
in communication With the motor vehicle. 

If, during step 406, ECU 120 determines that the number of 
vehicles in communication With motor vehicle 102 is less 
than the maximum alloWed number, or equal to the maximum 
alloWed number, ECU 120 may proceed to step 410. During 
step 410, ECU 120 may determine if the transmitting poWer is 
less than the maximum poWer. If the transmitting poWer is not 
less than the maximum poWer, then ECU 120 may proceed 
back to step 404. OtherWise, ECU 120 may proceed to step 
412. During step 412, ECU 120 may determine if a predeter 
mined amount of time has lapsed since the transmitting poWer 
Was at maximum poWer. In different embodiments, the pre 
determined time could vary. In one embodiment, for example, 
the predetermined time could be approximately 100 millisec 
onds. In other cases, hoWever, the predetermined time could 
be less than 100 milliseconds. In still other cases, the prede 
termined time could be more than 100 milliseconds. If, during 
step 412, ECU 120 determines that the predetermined time 
has passed since the transmitting poWer Was at maximum 
poWer, ECU 120 may proceed to step 414, Where the trans 
mitting poWer is increased. Otherwise, ECU 120 may proceed 
back to step 404. With this arrangement, steps 410 through 
414 provide a method for increasing the poWer after a prede 
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8 
termined amount of time. In other Words, steps 410 through 
414 may alloW the system to increase the transmitting poWer 
after some time in situations Where channel saturation is not 
likely to occur. This alloWs the communication system to 
increase the transmitting poWer as the vehicle travels from a 
congested area to an uncongested area Where a higher trans 
mitting poWer can be used. 
A motor vehicle con?gured to communicate With other 

vehicles using a vehicle communication netWork can include 
other provisions for reducing channel saturation. In some 
embodiments, a motor vehicle can be con?gured to increase 
the transmitting period of messages. The term “transmitting 
period” refers to the interval of time betWeen successive 
messages. By reducing the transmitting period the number of 
vehicles simultaneously communicating over a netWork 
channel may be reduced, Which can reduce or substantially 
eliminate channel saturation. 

FIGS. 5 and 6 illustrate embodiments of motor vehicle 102 
traveling on roadWays in various traf?c conditions. Referring 
to FIG. 5, motor vehicle 102 may experience light traf?c 
conditions on roadWay 500. In this case, motor vehicle 102 
may not be in communication With a large number of 
vehicles. Since channel saturation of the vehicle communi 
cation netWork is unlikely to occur in this situation, motor 
vehicle 102 may transmit messages With a small transmitting 
period. For example, in some cases, motor vehicle 102 may 
transmit messages approximately every 0.2 seconds. In other 
Words, the frequency of transmissions, Which is the reciprocal 
of the period, is approximately ?ve messages a second. 

Referring to FIG. 6, motor vehicle 102 may experience 
heavier traf?c conditions at a later time on roadWay 500. In 
this case, motor vehicle 102 may be in communication With a 
relatively large number of vehicles. In order to reduce the 
likelihood of channel saturation, motor vehicle 102 may 
transmit messages With a large transmitting period. For 
example, in some cases, motor vehicle 102 may transmit 
messages approximately every 0.5 seconds. In other Words, 
motor vehicle 102 may transmit approximately 2 messages a 
second. 

In some embodiments, the methods employed by motor 
vehicle 102 are also employed by other vehicles on roadWay 
500 to ensure that channel saturation is signi?cantly reduced. 
In other Words, other vehicles on roadWay 500 may also 
attempt to increase the transmitting period (i.e., reduce the 
frequency of messages) of any messages sent over the vehicle 
communication netWork. This arrangement may help reduce 
the total number of vehicles simultaneously communicating 
over a netWork channel, Which can help to reduce or substan 
tially eliminate channel saturation. In an exemplary embodi 
ment, each motor vehicle on roadWay 500 may be equipped 
With a communication system that is con?gured to increase 
the transmitting period of any broadcast messages When there 
is channel saturation on a netWork channel. 

It Will be understood that the examples given in FIGS. 5 
and 6 are only intended to be exemplary. In other embodi 
ments, a motor vehicle can transmit messages or any type of 
information With any other type of transmitting period. For 
example, in another embodiment, a motor vehicle may trans 
mit messages With any transmitting period in the range 
betWeen 0.01 seconds and 10 seconds. In still other embodi 
ments, the transmitting period can be less than 0.01 seconds. 
In still other embodiments, the transmitting period can be 
greater that 10 seconds. In addition, While the above embodi 
ment discusses transmitting periods that are regular, other 
embodiments may include irregular transmitting periods. 
Furthermore, in embodiments Where messages may be trans 
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mitted at irregular intervals, the transmitting period can be 
calculated as an average transmitting period for any given 
time interval. 

FIG. 7 illustrates an embodiment of a process for adjusting 
the transmitting period of messages sent over a vehicle com 
munication network. In this embodiment, the following steps 
may be performed by ECU 120; however in some embodi 
ments these steps may be performed by additional systems or 
devices associated with motor vehicle 102. In addition, it will 
be understood that in other embodiments one or more of the 
following steps may be optional. 

During a ?rst step 702, ECU 120 may begin transmitting 
messages using a minimum period. The value of the mini 
mum period may be determined according to various con 
straints on one or more systems associated with motor vehicle 
102. In some cases, for example, the value of the minimum 
period may be constrained by the type of network used. In an 
exemplary embodiment, the minimum period may be a pre 
determined parameter that is established during the manufac 
turing of motor vehicle 102. 

Following step 702, during step 704, ECU 120 may deter 
mine the number of vehicles in communication with motor 
vehicle 102. This step can be achieved using any method 
known in the art for determining the number of sources that 
may be sharing a communication channel or speci?c fre 
quency. Next, during step 706, ECU 120 may determine if the 
number of vehicles in communication with motor vehicle 1 02 
is greater than the maximum allowed number. In some cases, 
the maximum allowed number may be a number associated 
with channel saturation. In the embodiments illustrated in 
FIG. 1 through 3, for example, the maximum allowed number 
is 50 before channel saturation occurs. 

If, during step 706, ECU 120 determines that the number of 
vehicles in communication with motor vehicle 102 is greater 
than the maximum allowed number, then ECU 120 may pro 
ceed to step 708. During step 708, ECU 120 may increase the 
transmitting period of all broadcasted messages. This reduces 
the number of messages transmitted in a given time interval 
and may help reduce or eliminate channel saturation. Follow 
ing step 708, ECU 120 may return to step 704 to determine the 
number of vehicles in communication with motor vehicle 
102. 

In different embodiment, the transmitting period can be 
increased by varying amounts during step 708. In some cases, 
the transmitting period can be increased by a constant value. 
In other cases, the transmitting period can be increased by a 
value that depends on one or more operating parameters of the 
motor vehicle. In still other cases, the transmitting period can 
be increased by a value that depends on the number of 
vehicles in communication with the motor vehicle. 

If, during step 706, ECU 120 determines that the number of 
vehicles in communication with motor vehicle 102 is less 
than the maximum allowed number, or equal to the maximum 
allowed number, ECU 120 may proceed to step 710. During 
step 710, ECU 120 may determine if the transmitting period 
is greater than the minimum period. If the transmitting period 
is not greater than the minimum period, then ECU 120 may 
proceed back to step 704. Otherwise, ECU 120 may proceed 
to step 712. During step 712, ECU 120 may determine if a 
predetermined amount of time has lapsed since the transmit 
ting period was equal to the minimum period. In different 
embodiments, the predetermined time could vary. In one 
embodiment, for example, the predetermined time could be 
approximately 100 milliseconds. In other cases, however, the 
predetermined time could be less than 100 milliseconds. In 
still other cases, the predetermined time could be more than 
100 milliseconds. If, during step 712, ECU 120 determines 
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that the predetermined time has passed since the transmitting 
period was equal to the minimum period, ECU 120 may 
proceed to step 714, where the transmitting period is 
decreased. Otherwise, ECU 120 may proceed back to step 
704. With this arrangement, steps 710 through 714 provide a 
method for decreasing the period (which increases the fre 
quency or number of messages sent in a given amount of time) 
after a predetermined amount of time. With this arrangement, 
steps 710 through 714 provide a method for decreasing the 
transmitting period after a predetermined amount of time. In 
other words, steps 710 through 714 may allow the system to 
decrease the transmitting period after some time in situations 
where channel saturation is not likely to occur. This allows the 
communication system to decrease the transmitting period as 
the vehicle may travel from a congested area to an uncon 
gested area where a higher transmitting power can be used. 

Although the previous embodiments discuss altering the 
transmitting power or the transmitting period of any transmit 
ted information for purposes of reducing channel saturation, 
it will be understood that in some embodiments a motor 
vehicle may be con?gured to adjust both the transmitting 
power and the transmitting period substantially simulta 
neously. In another embodiment, for example, a motor 
vehicle can include provisions for adjusting the transmitting 
period and the transmitting power substantially simulta 
neously until the number of vehicles communicating on a 
network channel is below the maximum number of vehicles 
associated with channel saturation. Furthermore, in embodi 
ments where all vehicles communicating on a vehicle com 
munication network are con?gured to alter the transmitting 
power and/or transmitting period of any outgoing messages, 
the number of vehicles communicating on a network channel 
can be ?ned tuned in an attempt to reduce or substantially 
eliminate channel saturation. 
A motor vehicle can include provisions for altering the 

transmitting power and/ or the transmitting period of any 
transmitted information according to various vehicle operat 
ing parameters. For example, in some cases, the transmitting 
power and/or transmitting period of messages can be altered 
according to the vehicle speed of a motor vehicle. In one 
embodiment, vehicles traveling above a predetermined 
threshold speed can be con?gured to transmit at higher trans 
mitting powers and/ or lower transmitting periods than 
vehicles traveling at speeds below the predetermined thresh 
old. In another embodiment, the transmitting power and 
transmitting period may be altered in a substantially continu 
ous manner as a function of the vehicle speed. This arrange 
ment can help provide more information for a vehicle com 
munication network regarding high speed vehicles which can 
pose a greater safety threat than lower speed vehicles. 

FIGS. 8 and 9 illustrate embodiments of motor vehicle 102 
traveling on roadway 800 at different speeds. Referring to 
FIG. 8, motor vehicle 102 initially travels at a ?rst speed. For 
example, motor vehicle 102 may travel at a speed of approxi 
mately 30 miles per hour. Since motor vehicle 102 is traveling 
relatively slowly, motor vehicle 102 may be con?gured to 
transmit messages with a relatively low transmitting power 
and a relatively large transmitting period. In this case, for 
example, motor vehicle 102 may transmit messages with a 
transmitting period of approximately 0.5 seconds, or two 
messages per second. In addition, motor vehicle 102 may be 
con?gured to transmit messages with a relatively low trans 
mitting power that is associated with ?rst transmitting area 
804. 

Referring to FIG. 9, motor vehicle 102 may be traveling at 
a second speed at a later time on roadway 800. In particular, 
the second speed may be larger than the ?rst speed. For 
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example, motor vehicle 102 may travel at a speed of approxi 
mately 65 miles per hour. Since motor vehicle 102 is traveling 
at a relatively high speed, motor vehicle 102 may be con?g 
ured to transmit messages With a relatively high transmitting 
poWer and a relatively small transmitting period. In this case, 
motor vehicle 102 may transmit messages With a transmitting 
period of approximately 0.2 seconds, or ?ve messages per 
second. In addition, motor vehicle 102 may be con?gured to 
transmit messages With a relatively high transmitting poWer 
that is associated With second transmitting area 904. In par 
ticular, second transmitting area 904 may be a larger trans 
mitting area than ?rst transmitting area 804. Likewise, the 
frequency of messages (Which is the reciprocal of the period) 
sent out When motor vehicle 102 travels at the second speed 
may be greater than the frequency of messages send out When 
motor vehicle 102 travels at the ?rst speed. This arrangement 
may substantially reduce channel utiliZation and help to pre 
vent channel saturation. 

In some embodiments, other vehicles communicating With 
motor vehicle 102 on a vehicle communication netWork may 
be con?gured to alter the transmitting poWer and transmitting 
period of any transmitted signals according to vehicle speed. 
With this arrangement, vehicles traveling at high speeds may 
be con?gured to broadcast more messages in a given time 
period to provide more up to date information to surrounding 
vehicles. In addition, these high speed vehicles may also be 
con?gured to broadcast mes sages over a larger area to provide 
information to a larger number of vehicles. In contrast, 
vehicles traveling at relatively loW speeds may be con?gured 
to broadcast less messages in a given time period. Also, these 
loW speed vehicles may be con?gured to transmit messages 
over a smaller area, Which effectively reduces the number of 
vehicles con?gured to receive the messages. This can help to 
prevent channel saturation by reducing overall channel utili 
Zation. 

In some embodiments, vehicles may be con?gured to 
adjust transmitting poWer and/ or transmitting period for mes 
sages in a continuous manner, as discussed above. For 
example, a motor vehicle may adjust the transmitting poWer 
of messages in an iterative manner, until the number of 
vehicles in communication With the motor vehicle is beloW a 
predetermined maximum number of vehicles. Also, a motor 
vehicle may adjust the transmitting period of messages in an 
iterative manner, until the number of vehicles in communica 
tion With the motor vehicle is beloW the predetermined maxi 
mum number of vehicles. In other embodiments, hoWever, 
vehicles may be con?gured to adjust transmitting poWer and/ 
or transmitting period in discrete values. For example, in 
some cases, a vehicle may transmit messages at either a loW 
poWer or a high poWer. Also, a vehicle may be con?gured to 
transmit messages using one of a set of discrete transmitting 
periods or frequencies (Which is the reciprocal of the period). 
For example, in some cases, a vehicle may transmit messages 
With a frequency in a range between 1 to 10 messages per 
second. 

FIG. 10 illustrates an embodiment of various transmitting 
states for a motor vehicle. The term “transmitting state” refers 
to a state in Which a motor vehicle is con?gured to transmit a 
?rst ?xed number of messages per second at high poWer and 
a second ?xed number of messages per second at loW poWer. 
Referring to FIG. 10, in some embodiments, a motor vehicle 
can be con?gured to operate in ?ve distinct transmitting 
states. In this case, motor vehicle 1000 may be con?gured to 
operate in either ?rst transmitting state 1011, second trans 
mitting state 1012, third transmitting state 1013, fourth trans 
mitting state 1014 or ?fth transmitting state 1015. Each trans 
mitting state can be associated With a ?rst ?xed number of 
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12 
high poWer messages sent per second and a second ?xed 
number of loW poWer messages. 

In one embodiment, ?rst transmitting state 1011 may be 
associated With 10 high poWer messages and no loW poWer 
messages. In other Words, When a vehicle is operating in ?rst 
transmitting state 1011, 10 high poWer messages may be 
transmitted every second. In some cases, this transmitting 
state may be used When channel saturation is not a concern 
and alloWs for the maximum number of messages to be trans 
mitted at maximum transmitting poWer. Second transmitting 
state 1012 may be associated With 5 high poWer messages and 
5 loW poWer messages. In other Words, When a vehicle is 
operating in second transmitting state 1012, 5 high poWer 
messages may be transmitted each second and also 5 loW 
poWer messages may be transmitted each second. In a similar 
manner, third transmitting state 1013 may be associated With 
2 high poWer messages and 8 loW poWer messages. Fourth 
transmitting state 1014 may be associated With 1 high poWer 
message and 4 loW poWer messages. Finally, ?fth transmit 
ting state 1015 may be associated With 1 loW poWer message. 
In particular, ?fth transmitting state 1015 may be a state in 
Which no high poWered messages are sent. In some cases, ?fth 
transmitting state 1015 may be used When channel saturation 
is a concern and When motor vehicle 1000 is traveling at a 
very sloW speed and therefore does not pose any substantial 
safety threat. 
Although the exemplary embodiment illustrates ?ve dif 

ferent transmitting states, in other embodiments, more or less 
than ?ve transmitting states could be used. In addition, in 
some cases, transmitting states can be associated With more 
than tWo distinct poWer levels. For example, in another 
embodiment, a transmitting state could be associated With a 
high poWer level, a loW poWer level and an intermediate 
poWer level. Also, While the exemplary embodiment includes 
transmitting states that are associated With a frequency of 10 
or less messages per second, in other embodiments the maxi 
mum frequency of messages could be greater than 10 mes 
sages per second. 

In some embodiments, a communication system can be 
con?gured to transition betWeen different transmitting states 
according to various operating parameters as Well as the 
number of vehicles utiliZing a netWork channel. In some 
embodiments, a communication system can include one or 
more algorithms for determining hoW to transition betWeen 
various transmitting states. In one embodiment, a ?nite state 
machine type algorithm can be used. For example, a ?nite 
state machine may comprise each of the ?ve transmitting 
states discussed in FIG. 10. In addition, transitions betWeen 
states may be controlled according to the current vehicle 
speed and the current number of vehicles in communication 
With the motor vehicle. In particular, by comparing the num 
ber of vehicles in communication With the motor vehicle With 
the maximum number of vehicles and the vehicle speed With 
a maximum vehicle speed (or threshold speed), ECU 120 may 
determine hoW a communication system may transition 
betWeen different transmitting states. In cases Where a state 
machine is used to determine transmitting states, the state 
transition time (the amount of time that passes before transi 
tioning betWeen states) can be a calibration value. 

FIG. 11 illustrates an embodiment of a process for operat 
ing a motor vehicle in different transmitting states. In this 
embodiment, the folloWing steps may be performed by ECU 
120; hoWever in some embodiments these steps may be per 
formed by additional systems or devices associated With 
motor vehicle 102. In addition, it Will be understood that in 
other embodiments one or more of the folloWing steps may be 
optional. 
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During a ?rst step 1102, ECU 120 may receive one or more 
vehicle operating parameters. In some cases, the vehicle oper 
ating parameters can include information related to vehicle 
speed. Following step 1102, during step 1104, ECU 120 may 
determine the current vehicle speed. In some cases, the 
vehicle speed can be determined using GPS information. In 
other cases, the vehicle speed can be determined using infor 
mation received from a vehicle speed sensor. In still other 
cases, the vehicle speed can be determined in any other man 
ner. 

Following step 1104, ECU 120 may proceed to step 1106. 
During step 1106, ECU 120 may determine the number of 
vehicles in communication with motor vehicle 102. This step 
can be achieved using any method known in the art for deter 
mining the number of sources that may be sharing a commu 
nication channel or speci?c frequency. Next, during step 
1108, ECU 120 may determine if the number of vehicles in 
communication with motor vehicle 102 is greater than the 
maximum allowed number. 

Following step 1108, during step 1110, ECU 120 may 
determine if the vehicle speed is above a speed threshold. In 
some cases, the speed threshold can be a predetermined 
parameter. In some cases, the value of the speed threshold can 
be a calibrated value. Next, during step 1112, ECU 120 may 
determine the number of high power messages to send per 
second. Following step 1112, during step 1114, ECU 120 can 
determine the number of low power messages to send per 
second. In some cases, the decisions made in step 1112 and 
step 1114 can be made by considering the current vehicle 
speed and the number of vehicles in communication with 
motor vehicle 102. In one embodiment, for example, a ?nite 
state machine type algorithm can be used to determine a 
transmitting state of the vehicle, which is associated with a 
predetermined number of high power messages and a prede 
termined number of low power messages. 

Following step 1114, ECU 120 may proceed to step 1116. 
During step 1116, ECU 120 may control transmissions on the 
vehicle communication network according to the number of 
high power messages and the number of low power messages 
determined during step 1112 and step 1114, respectively. 
Following this, ECU 120 may return to step 1102. With this 
arrangement, step 1102 through step 1114 may be performed 
iteratively as a motor vehicle continues to communicate on a 
vehicle communication network. 

It will be understood that while the current embodiment 
discusses a single speed threshold, in other embodiments 
more than one speed threshold could be used. Also, in some 
cases, ranges of speeds could be used, rather than one or more 
threshold values. In addition, it will be understood that other 
vehicle parameters could be used for controlling a motor 
vehicle in different transmitting states. In one embodiment, 
for example, an acceleration threshold could be used. In this 
alternative embodiment, vehicles accelerating at a rate above 
the acceleration threshold could be associated with a larger 
number of high power messages than vehicles accelerating at 
a rate below the acceleration threshold. 

The principles discussed in the embodiments discussed 
above may be used with any object that transmits messages in 
any type of communication network. In some cases, the com 
munication network could be a network with only vehicles as 
nodes. In other cases, however, the communication network 
could include other sources as nodes. For example, in another 
embodiment, one or more roadside units capable of commu 
nicating over a vehicle communication network can include 
provisions for modifying transmitting power or transmitting 
period in order to reduce or eliminate channel saturation. 
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While various embodiments of the invention have been 

described, the description is intended to be exemplary, rather 
than limiting and it will be apparent to those of ordinary skill 
in the art that many more embodiments and implementations 
are possible that are within the scope of the invention. 
Accordingly, the invention is not to be restricted except in 
light of the attached claims and their equivalents. Also, vari 
ous modi?cations and changes may be made within the scope 
of the attached claims. 

What is claimed is: 
1. A method of operating a motor vehicle, comprising the 

steps of: 
transmitting information at a transmitting power; 
determining a number of remote vehicles in communica 

tion with the motor vehicle, the communication being 
established on a vehicle communication network; 

determining if the number of remote vehicles is greater 
than a maximum allowed number, the maximum 
allowed number being associated with channel satura 
tion of the vehicle communication network; 

reducing the transmitting power when the number of 
remote vehicles is greater than the maximum allowed 
number; and 

further comprising: 
determining if the transmitting power is less than a maxi 
mum power when the number of remote vehicles is not 
greater than the maximum allowed number; and 

increasing the transmitting power when a predetermined 
time has passed since the transmitting power was at the 
maximum power. 

2. The method according to claim 1, wherein the predeter 
mined time is approximately 100 milliseconds. 

3. The method according to claim 1, wherein the motor 
vehicle is con?gured to operate in two or more transmitting 
states and wherein a ?rst transmitting state is associated with 
a ?rst number of high power messages sent per second and 
wherein a second transmitting state is associated with a sec 
ond number of high power messages sent per second and 
wherein the ?rst number is different than the second number. 

4. The method according to claim 1, wherein the maximum 
allowed number has a value of 50 or less. 

5. The method according to claim 1, wherein the step of 
reducing the transmitting power includes reducing the trans 
mitting power by a constant value. 

6. The method according to claim 1, wherein the step of 
reducing the transmitting power is followed by a step of 
reducing a transmitting period. 

7. A method of operating a motor vehicle, comprising the 
steps of: 

transmitting information at a transmitting period, the trans 
mitting period comprising an interval of time between 
successive messages; 

determining a number of remote vehicles in communica 
tion with the motor vehicle, the communication being 
established on a vehicle communication network; 

determining if the number of remote vehicles is greater 
than a maximum allowed number, the maximum 
allowed number being associated with channel satura 
tion of the vehicle communication network; and 

increasing the transmitting period when the number of 
remote vehicles is greater than the maximum allowed 
number such that successive messages are sent less fre 
quently. 

8. The method according to claim 7, wherein the method 
includes a step of determining if the transmitting period is 
greater than a minimum period. 
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9. The method according to claim 8, wherein the method 
includes a step of decreasing the transmitting period When a 
predetermined time has passed since the transmitting period 
Was equal to the minimum period. 

10. The method according to claim 7, Wherein the step of 
increasing the transmitting period includes increasing the 
transmitting period by a constant Value. 

11. The method according to claim 7, Wherein the step of 
increasing the transmitting period is folloWed by a step of 
reducing the transmitting poWer. 

12. A method of operating a motor Vehicle, comprising the 
steps of: 

transmitting information using a transmitting characteris 
tic; 

determining a Vehicle speed; 
determining a number of remote Vehicles in communica 

tion With the motor Vehicle, the communication being 
established on a Vehicle communication netWork; 

determining if the number of remote Vehicles is greater 
than a maximum alloWed number, the maximum 
alloWed number being associated With channel satura 
tion of the Vehicle communication network; 

adjusting the transmitting characteristic associated With 
transmitting information based on the Vehicle speed 
When the number of remote Vehicles is greater than the 
maximum alloWed number. 

13. The method according to claim 12, Wherein the trans 
mitting characteristic is transmitting poWer. 

14. The method according to claim 13, Wherein a step of 
adjusting the transmitting characteristic includes reducing the 
transmitting poWer. 
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15. The method according to claim 12, Wherein the trans 

mitting characteristic is transmitting period. 
16. The method according to claim 15, Wherein the step of 

adjusting the transmitting characteristic includes increasing 
the transmitting period. 

17. The method according to claim 12, Wherein the motor 
Vehicle is con?gured to operate in tWo or more transmitting 
states and Wherein a ?rst transmitting state is associated With 
a ?rst number of high poWer messages sent per second and 
Wherein a second transmitting state is associated With a sec 
ond number of high poWer messages sent per second and 
Wherein the ?rst number is different than the second number. 

18. The method according to claim 17, Wherein the ?rst 
transmitting state is associated With a ?rst number of loW 
poWer messages sent per second and Wherein the second 
transmitting state is associated With a second number of loW 
poWer messages sent per second and Wherein the ?rst number 
is different than the second number. 

19. The method according to claim 18, Wherein the transi 
tion betWeen the ?rst transmitting state and the second trans 
mitting state is controlled according to the current Vehicle 
speed and the current number of Vehicles in communication 
With the motor Vehicle. 

20. The method according to claim 19, Wherein the transi 
tion betWeen the ?rst transmitting state and the second trans 
mitting state is controlled using a ?nite state machine. 


